When magnetotelluric (MT) data are obtained in the vicinity of the coast, the surrounding sea makes it difficult to interpret subsurface structures, especially at the deep parts of the subsurface. We apply an iterative method to remove the sea effect. The iterative method was originally developed to remove the distortion due to topographic changes from MT data recorded on the seafloor. The iterative sea-effect correction method is carried out in two steps. The first corrects the sea effect, whereas the second inverts the sea-effect-corrected responses. The two steps are alternatively carried out, until the criterion for either the inversion or the seaeffect correction is satisfied. Because the surrounding 3-D sea bathymetry is only incorporated into forward modelling for the sea-effect correction, it can be more robust than the method that directly incorporates 3-D sea bathymetry into a model space for inversion. The synthetic examples show that the sea-effect correction method yields an inverted model comparable to the true model. By applying the sea-effect correction method to real field data acquired in Jeju Island, Korea, we also demonstrate that the sea-effect correction method effectively removes the sea effects from the 1-D and 2-D real field data, which helps enhance the inversion results. On the basis of these results, it may be concluded that the iterative sea-effect correction method can be used as a promising technique for recovering the true response of the subsurface in MT data suffering from sea effects.
I N T RO D U C T I O N
The magnetotelluric (MT) method is a geophysical technique for imaging the conductivity structure of the subsurface in various geological environments. In the beginning, the target area of the MT method was mainly confined to land. Over the last several decades, marine tectonic settings such as ocean and marginal basins, subduction systems, and mid-ocean ridges have become one of the target areas of MT method (Wannarmaker et al. 1989; Hoversten et al. 1998; Nolasco et al. 1998; Evans et al. 1999; Santos et al. 2001; Koyama 2002; Evans et al. 2005; Baba et al. 2006; Seama et al. 2007) . As advancements in measurement instrument and processing techniques have enables us to obtain high-quality data, the accurate and reliable interpretation of MT data for increasingly complex situations has become a main focus.
In general, observed MT responses are distorted by various causes: cultural noises around the observation site, near-surface conductivity inhomogeneity and complex topography. Cultural noises have been effectively reduced by robust data processing techniques (Gamble et al. 1979; Egbert & Booker 1986; Chave & Thomson 1989; Egbert 1997; Chave & Thomson 2004) . Distortions of electromagnetic fields due to near-surface inhomogeneity have been successfully eliminated by using tensor decomposition techniques (Groom & Bailey 1989; Groom & Bahr 1992; Chave & Smith 1994; McNeice & Jones 2001) . Since Wannamaker et al. (1986) proposed the topographic correction method for 2-D structure, many researchers have presented a variety of topography correction methods that have been successfully applied to both land and seafloor MT data (Jiracek 1990; Matsuno et al. 2007; Nam et al. 2008) .
The existence of a sea around the survey area also severely affects observed MT responses, which is due to the sharp electrical contrast between the sea and the land. The skin depth of a typical broad-band MT survey can readily reach up to a few hundred of kilometres, so that the sea has a substantial influence on observed MT data when the separation distance from the coast is smaller than the skin depth of the frequency of interest. A good example is the lowfrequency MT data acquired from islands. This is generally known as the 'sea effect', and this effect makes it difficult to determine the reliable geoelectrical structures, especially for deep parts of the subsurface. Even though several sea-effect correction methods have been suggested, the sea effect has not yet been satisfactorily resolved for land MT data. Most studies on the sea-effect correction are based on geomagnetic depth sounding (Weaver & Agarwal 1991; Bapat 
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J. Yang, D.-J. Min and H.-S. Yoo et al. 1993; Dosso et al. 1996; Shimoizumi et al. 1997; Pringle et al. 2000; Yang 2006 ). In contrast, Nolasco et al. (1998) firstly tried to correct the sea effects for MT data acquired on the seafloor of Society Island by employing electrical and magnetic distortion tensor. Because they used 3-D thin-sheet modelling over a 1-D mantle structure, their results were limited in that the subsurface should be 1-D. Following Nolasco et al. (1998) , Santos et al. (2001) also removed the sea effect included on land MT data by using the 3-D forward algorithm developed by Mackie et al. (1993) . In this case, the precise information on the subsurface structure is required prior to the correction.
To effectively remove the sea effect from observed MT data, we still need a better sea-effect correction method that neither suffers from dimensional limitations nor requires exact prior information. A dilemma exists between the sea-effect correction and the electrical subsurface structure: that is, although an accurate subsurface structure is required to correctly remove the sea effects, subsurface structures cannot be precisely determined without the sea-effect correction. There are two possible approaches to overcoming this dilemma. The first is to directly incorporate the surrounding sea into a model space for inversion (Lee et al. 2007; Unsworth et al. 2007 ). The second is to correct the sea effect by an iterative method that repeats the sea-effect correction and inversion step alternatively (Yang et al. 2008) . The former may have the drawback of a heavy computational burden, because 3-D inversion is always required to incorporate the 3-D surrounding sea into inversion blocks, even for 1-D or 2-D subsurface structures. Another problem of the first approach is that it can generate artificial anomalies in the inverted model due to the electrically conductive sea. For instance, Unsworth et al. (2007) showed that the inversion produces artificial conductors beneath the island to fit the data when the resistivity and the spatial distribution of seawater were fixed during the inversion process. In contrast, the second method is free from the above-mentioned limitations, because the surrounding sea is only incorporated into forward modelling rather than inversion. As a result, the iterative method can be regarded as the method of choice to treat the sea effects. The basic idea of the iterative correction method is identical to that of the topography correction method proposed by , except that it is slightly modified for the sea-effect correction. Yang et al. (2008) investigated the application of the iterative method for synthetic MT data generated for a homogeneous half-space model with a 3-D sea. They showed that the method recovers the true structure after a few iterations.
In this study, we examine the feasibility of the iterative method for real field data acquired in Jeju Island of Korea. In the following sections, we first introduce how the iterative method can be applied to correct the sea effect and then show numerical examples for synthetic data generated for a simple model consisting of a 3-D sea over a 1-D earth. Finally, we present the correction results of the real MT data for both 1-D and 2-D cases. Koyama (2002) initially proposed an iterative method for correcting land-ocean boundary effect in seafloor voltage data, and applied the iterative method for topographic correction of marine MT data. Recently, Yang et al. (2008) proposed the iterative method to correct the sea effects in land MT data, on the basis of synthetic data. Although the aforementioned iterative methods are slightly different from each other, their main structure is identical. The iterative methods are carried out in two stages. The first is to compute and correct either the topographic effect or the sea effect, and the second is the inversion of the corrected responses in the model spaces without the topography or sea to obtain a modified subsurface structure. The modified subsurface structures are used again for the correction of the next iteration. The procedures are repeated until neither the correction result nor the inverted model changes significantly.
I T E R AT I V E S E A -E F F E C T C O R R E C T I O N M E T H O D
When the sea effect is included in MT responses, the full (distorted) MT impedance tensor Z can be expressed by the multiplication of the impedance tensors of the subsurface structure and the sea effect (Heison & Lilley 1993; Yang et al. 2008) as follows:
where Z s and Z m are the MT impedance tensors delineating the sea effect and the subsurface structure, respectively. All the tensors of eq.
(1) have dimensions of 2 × 2, and all the elements of the tensors have complex values. This relationship is similar to that of galvanic decomposition except that Z s is complex. Note that eq. (1) can be applied to any tectonic settings (1-D, 2-D or 3-D). Given an initial subsurface structure, we can compute the impedance tensors for the initial model using a 3-D forward modelling algorithm without (Z n m ) and with (Z n ) the sea effects, where the superscript n denotes numerically computed impedances. The sea effect can then be given by
The impedance tensor describing the sea effect is applied to the observed data (Z o ), which results in the following sea-effectcorrected data (Z c ):
Substituting eq. (2) into eq. (3) gives
Equation (4) shows that we can compute the sea-effect-corrected responses from the modelled responses (Z n m and Z n ) and the observed data (Z o ) without directly computing the sea-effect tensor Z s . We then invert Z c in a model space without the sea, and the resulting inverted model is utilized again to compute the numerical responses Z n and Z n m of the following iteration stage. In the first iteration, if the initial model deviates from the true model, the inverted model from the sea-effect-corrected responses does not converge to the true model. However, as the iteration proceeds, we can obtain an inverted model close to the true model.
To obtain the criterion that ceases the iterative procedure, we adopt the root mean square (RMS) misfits between Z n and Z o in the logarithm of apparent resistivity (log ρ) and phase (φ) , which corresponds to the misfits for the sea-effect correction rather than that for the inversion results.
where N is the number of data, and δ log ρ o and δφ o indicate the typical observation errors for the logarithm of apparent resistivity and phase, respectively. We terminate the iterative process if the RMS misfit change goes below 5 per cent.
Sea effect correction in MT data

S Y N T H E T I C DATA E X A M P L E
Before applying the sea-effect correction method to field data, we first verify its effectiveness for a synthetic data set. The synthetic data set is produced on the basis of a simplified version of Jeju Island (Model A) where a 3-D sea surrounds a 1-D earth, as shown in Fig. 1 . The 1-D resistivity model is compiled from previous geophysical studies (Lee 1994; Nam 2006; Nam et al. 2009) . Table 1 lists the resistivity values and geological lithology of the 1-D model. The 3-D staggered finite-difference algorithm (Mackie et al. 1993 ) is employed to produce synthetic MT data. The total nodes used for 3 of 2 km; the vertical grid spacing varies with depth. To remove the effects of the artificial boundaries, we add seven grids along each horizontal direction. Synthetic MT responses are calculated for 24 frequencies equally spaced on a log scale between 10 3 and 10 −3 Hz. The resistivity value of the sea is assumed to be 0.33 m.
In 1-D inversion, the effective impedance rather than the TE and TM modes is generally used to reduce the unwanted galvanic and inductive distortions (Likelybrooks 1986; Berdichevsky et al. 1989) . Several effective impedances, such as the determinant average of the MT impedance tensor and arithmetic or geometric average of off-diagonal terms, have been employed in inversion algorithms. Because all these impedances give similar results, we may choose one arbitrarily. In this study, we chose the determinant average (Z det ) of the MT impedance tensor for effective impedance, which is expressed by
The determinant average Z det is rotationally invariant with respect to the coordinate system and is frequently used to estimate the average 1-D structure. The Occam's 1-D inversion method, which was proposed by Constable et al. (1987) , is applied to data with error floor of 3 per cent for the apparent resistivity and 0.9
• for phase data.
We first check the effect of the surrounding sea on the land MT data. At sites A and B of Model A, we compute synthetic MT responses using the 3-D modelling algorithm without and with the surrounding sea. For 3-D modelling without the surrounding sea, we filled the sea with the land material instead of seawater, which leads to a purely 1-D model. For the 1-D model without the surrounding sea, all sounding curves of the effective impedance and the XY and YX modes should show the same apparent resistivity and phase, reflecting the effects of the four layers of the original model. Fig. 2 shows the sounding curves of the apparent resistivity and phase of the XY and YX modes and the effective impedance tensor at the two sites, when the surrounding sea is taken into account in the modelling. The sounding curves of two modes begin to split around 1 Hz at both sites and only show the effects of the upper three layers even when effective impedance is employed. In other words, the effect of the bottom layer is hidden by the surrounding sea effects. These examples show that the sea effect has a serious influence on the interpretations of the deeper parts of the subsurface structure.
Another characteristic of the observed responses is that the sounding curves of the two sites have similar features, even though site A is placed around the northern coastline and site B is at the centre of the model. This indicates that the sea effect is very close to that appearing in the 2-D case. Because the length of the island model along the y (EW) axis is approximately twice as long as that along the x (NS) axis, the island model can be roughly regarded as a 2-D model. It is also observed that apparent resistivity values of the XY mode are always larger than those of the YX mode because of the galvanic nature of the XY mode. Although we considerably simplified the shape and surrounding bathymetry of Jeju Island in our numerical model, the results are very compatible with those presented by Nam et al. (2009) . Now we carry out the sea-effect correction for the synthetic data computed at the site A. To make the synthetic data more realistic, we added random noise to both apparent resistivity and phase of Z det . The standard deviation of the noise is 3 per cent for the apparent resistivity and 0.9
• for the phase. This data set corresponds to the observed data Z o . As an initial model for the sea-effect correction, we use the resistivity model inverted from Z o . Because the sea effects (Table 1) .
are included in Z o , the inverted model may be slightly deviated from the true model. By computing the model responses with and without the sea effect, we can obtain sea-effect-corrected data, which are inverted to update the 1-D model. We repeat the procedure until the criterion for the RMS misfit is satisfied. Fig. 3(a) shows the 1-D inverted model at each iteration stage. The inverted model at the final iteration is very close to the original 1-D model shown in Fig. 1 . Figure 3b shows the comparison of the sea-effect-corrected data computed at the third iteration step and the observed data, where the effects of the bottom layer clearly appear in the sea-effect-corrected data. Figure 3c shows that the RMS misfit converges to approximately 1 after 3 iterations, which indicates that the misfits between Z n and Z o can only be attributed to the random noise of 3 per cent that we added (eq. 5). From these results, we can conclude that the iterative see-effect correction method successfully restores the true structures. Although we have not presented inversion results at other sites shown in Fig. 1 , they showed similarly good results.
F I E L D DATA E X A M P L E S Geological setting and data
Jeju Island, the only volcanic island in South Korea, has mainly formed since the late Pliocene (Yoon 1997; Khime et al. 2001) . Most parts of the island are covered with Quaternary basaltic lava, whose high permeability allows meteoric water to infiltrate into the ground very quickly. Quaternary sedimentary formations, which reach a few hundreds of metres in depth, underlie the basaltic lava. The Quaternary sedimentary formations are composed of Pleistocene consolidated sedimentary rocks (Seogwipo Formation) in the upper part, and Plio-Pleistocene unconsolidated sediments (Table 1) .
(U-formation) in the lower part. Because both of them are marinebased and electrically conductive (<10 m; Lee et al. 2006) , it is difficult to distinguish them from each other. Basement rocks are mainly composed of welded tuffs and granite that lie at a depth of about 250-300 m below the sea level (Koh 1997) . The basements of the island are Jurassic-Cretaceous granites and Cretaceous-Tertiary rhyolitic tuff overlying the granites, which lie at a depth of about 250-300 m below the sea level (Koh 1997) . According to Nam (2006) , the geoelectrical structure of Jeju Island is regarded as a 1-D earth consisting of four layers ( Fig. 1 and Table 1 ) over a regional scale, such that the diagonal components of the observed MT impedance tensors are fairly small compared to off-diagonal ones.
MT survey was performed with Phoenix MTU-5A systems in 2004. The observation sites were aligned roughly along the east-west direction in the southern part of the island (Fig. 4) . The site spacing was about 2-5 km, and frequencies ranging from 10 3 to 3 × 10 −4 Hz were used. All impedance tensors were estimated by robust remote reference processing with SSMT2000 software (Phoenix Co.). Details on the data acquisition and processing method were described by Lee et al. (2006) and Nam et al. (2009) . Of the processed MT data, we only select 14 sounding data with good quality, as shown in Fig. 4 .
Model setup
We now construct a Jeju Island model including the surrounding sea. To describe the bathymetry around the island, we utilized ETOPO2 data provided by the National Geophysical Data Center (NGDC, http://www.ngdc.noaa.gov). The bathymetry data for the area of 120 km × 96 km centred on the island are sampled with a horizontal grid spacing of 2 km, and simplified into five steps of 10, 20, 40, 70 and 100 m, as shown in Fig. 5 . For the outer part of this area, the seafloor is simply assumed to be flat with a water depth of 100 m. Nam et al. (2009) showed that this simplification does not seriously affect modelling results. We also slightly simplify the shape of Jeju Island to avoid numerical difficulties. The constructed Jeju Island model thus has the same grid structures as Model A except for the upper part. Although the MT survey sites slightly deviate from the grid points, we assume that the stations are placed at the grid points. The frequencies being modelled vary according to each site, because the data quality is somewhat different from site to site.
1-D inversion
We first apply the iterative method to the MT data recorded at the site JSL13. Fig. 6(a) shows the observed sounding curves of the XY and YX modes and the effective impedance. We observe the similar sea effect to that shown in Fig. 2 . That is, the XY and YX modes have different apparent resistivity and phase values at the frequencies lower than approximately 1 Hz, which is the same as that for the synthetic data. In addition, the apparent resistivity values of the XY mode are always larger than those of the YX mode when the split is observed. We first invert the effective impedance data to obtain an initial model for the sea-effect correction. In the inversion, we assume the observation error to be 10 per cent for apparent resistivity and 3
• for phase instead of using the real observation errors, because the real observation errors vary with frequency and are not always reliable at all frequencies (i.e., noise-contaminated data do not always show large error bars). inverted models at every iteration step. As shown in Fig. 6(b) , both the XY and YX modes of the sea-effect-corrected data give apparent resistivity and phase that agree well with those of the effective determinant data, which is the general feature that appears in the MT sounding curves for 1-D structures. These results imply that the subsurface structure is nearly 1-D around station JSL13. From Fig. 6(b) , we also see that the sea-effect-corrected responses clearly show a four-layered structure unlike the observed responses, which show a three-layered structure. Fig. 6(d) shows the RMS history, where convergence is achieved after three iterations. We also apply the iterative sea-effect correction method to the data acquired at site JSL08. In Fig. 7 , we compare the observed and the sea-effect-corrected responses. Although the sea-effectcorrected responses resolve the four-layer structures, they do not show the 1-D characteristic appearing at site JSL13. This implies that a local 2-D or 3-D structure exists around site JSL08. In practice, the 2-D inversion results (shown in Figs 8 and 9 ) support the results, indicating that an anomalous region exists close to JSL08.
Although we cannot guarantee that the sea-effect correction method always resolves true responses, it is clear that the method alleviates the distortion due to the sea effect, which enhances the reliability of the interpretation for the subsurface.
2-D inversion
We proceed to apply the sea-effect correction method to the 2-D MT sounding data recorded at 14 sites of the survey line JSL (Fig. 5) . Based on the previous study on Jeju Island (Lee et al. 2006 ) and surface geological lineaments of Jeju Island, the strike is assumed to be in the NS direction (x-axis). Some of the sites, which slightly deviate from a y-direction straight line, are projected to the straight line for 2-D treatment. In this configuration, the XY and YX modes correspond to TE-and TM-mode responses, respectively. For 2-D inversion, we employ the non-linear conjugate gradient algorithm developed by Rodi & Mackie (2001) . A 100 m half-space is used as an initial model for the inversion, and the model constraint (τ ) controlling the relative importance between data misfit and model smoothness is set to be 10 after several tests. The error floor is set to 10 per cent for apparent resistivity and 3
• for phase. In 2-D field exploration, we acquire two polarized-mode data, TE and TM. The two modes can be inverted individually or 734 J. Yang, D.-J. Min and H.-S. Yoo simultaneously. In general, the TE and TM modes respond differently to subsurface structures. The TE mode is particularly sensitive to conductive features elongated along the strike direction, whereas the TM mode is sensitive to the resistive features as well as the background-layered structure (Wannamaker et al. 1989; Berdichevsky et al. 1998; Pedersen & Engels 2005) . Because two modes are complementary to each other, it may be desirable to invert both the TM-and TE-mode data simultaneously. In practice, however, the TE mode is more severely influenced by 3-D effects and often fails to reach the desired RMS error (Wannamaker et al. 1984; Siripunvaraporn et al. 2005) . For this reason, we only utilize the TM mode inversion results to update the 2-D model for the seaeffect correction, although we employ both the TM and TE modes of the observed data for the inversion. Fig . 8 shows the observed responses and inversion results obtained without the sea-effect correction. Comparing the pseudosections of the XY and YX modes with each other, we observe that the XY mode always has larger resistivity values than those of the YX mode at frequencies lower than 1 Hz for all the sites, similarly to the 1-D example. Presumably, this is mainly due to the sea effect. In Fig. 8 , we can also see highly resistive anomaly in the resistivity section inverted from the XY-mode data, whereas the YX-mode resistivity inversion section shows very conductive anomaly. By applying the sea-effect correction method to the data, we can examine whether such anomalies are caused by the sea effect or not. Fig. 9 shows the inversion results of the sea-effect-corrected responses at every iteration stage. The RMS history at each iteration stage is listed in Table 2 . The inversion results at the zeroth iteration in Fig. 9 are identical with those obtained without the seaeffect correction shown in Fig. 8 . By comparing inversion results at every iteration stage with each other (Fig. 9) , we note that the conductive or resistive anomaly, which appears in the right part of the inversion sections generated without the sea-effect correction (e.g., the zeroth iteration results of Fig. 9 ), almost disappears in the final inversion sections obtained along with the sea-effect correction (e.g., the third iteration results of Fig. 9 ). These results demonstrate that the conductive and resistive anomalies appearing in the inversion results obtained without the sea-effect correction are caused by the sea effect. In addition, inversion results for the XY, YX and XY and YX modes after the sea-effect correction commonly show layered structures: the resistive upper layer overlying the relatively conductive bottom layer becomes deeper as it moves towards the right part. In Fig. 10 , we display only the shallow part (<5 km) of 736 J. Yang, D.-J. Min and H.-S. Yoo the inversion images shown in Fig. 9 . In Fig. 10 , we can observe that the XY-, YX-and XY-and YX-mode inversion results show a fairly consistent model, which is a typical feature that appears in 2-D or nearly 2-D structures. For the deeper parts (>5 km) shown in Fig. 9 , however, the XY-mode inversion results are slightly different from the YX-model inversion results, which implies that the deeper part may not be purely 2-D. Fig. 11 shows the pseudo-sections for observed (sea-effect uncorrected) and sea-effect-corrected responses at the final iteration stage. Analogously to the 1-D example, the sea-effect correction makes the apparent resistivity and phase values for the XY mode commensurate with those of the YX mode. For the phases, stratified features are more distinctly identified by the sea-effect correction than in apparent resistivity sections. The changes between the observed and the sea-effect corrected data can be addressed by the pattern of (Z s ) −1 in eq. (3), which can be referred to as a sea-effect correction filter applied to observed data Z o . The sea-effect correction filter can be obtained from eqs (3) and (4). In eq. (4), the diagonal terms of Z (where we discard the superscript n for convenience), calculated by the 3-D modelling code used in this study, are typically so small, which yields an approximation to the sea-effect corrected data Z c expressed as
where a = Z m,xy /Z xy , b = Z m,yx /Z yx (both a and b are complex and frequency-dependent), and the diagonal terms of Z m are also zero because the subsurface structures are assumed to be 2-D. By comparing eq. (7) with eq. (3), it is noted that the filter (Z s )
consists of a and b. From eq. (7), the apparent resistivity ρ c,xy and the phase φ c,xy of the corrected responses for the XY mode can be expressed as
where f is the frequency. Eq. (8) indicates that the apparent resistivity of the corrected responses for the XY mode is calculated Figure 11 . Pseudo-sections of the sea-effect correction filter (left), the observed data (middle) and the sea-effect corrected data (right): (a) apparent resistivity and (b) phase of the XY and YX modes. Note that the sea-effect-corrected data were obtained at the third iteration stage.
by the simple multiplication of |a| 2 and ρ o,xy (i.e. the apparent resistivity of observed responses for the XY mode). On the other hand, the phase for the XY mode can be obtained by simply summing arg(a) and φ o,xy (i.e. the phase of observed responses for the XY mode). Apparent resistivity and phase of the YX mode can also be calculated in a similar way. Fig. 11 also shows the coefficients of the correction filters for apparent resistivity and phase. In Fig. 11 , we observe that the correction filters for the phase are more smoothed along the sites and more stratified along the frequency than those of the apparent resistivity. This may explain why the phase sections obtained with the sea-effect correction show more smoothed patterns than the apparent resistivity, particularly for the YX model. Another feature is that the coefficients of the filter for the XY mode vary consistently with respect to frequency, 738 J. Yang, D.-J. Min and H.-S. Yoo regardless of the location of the site, whereas those of the YX mode are sensitive to both the frequency and the location of the site. This may result from 2-D sea effect (e.g., galvanic and inductive nature for the XY and YX modes, respectively, along the southern coastline) due to the shape of the island as we mentioned before. Fig. 12 shows apparent resistivity and phase curves of the selected eight sites. From Fig. 12 , we can also confirm that the sea-effect correction yields apparent resistivity and phase curves for the XY C 2010 The Authors, GJI, 182, 727-740 Journal compilation C 2010 RAS and YX modes in good agreement with each other, which appears in a resistive-conductive-resistive-conductive pattern as the frequency decreases. From all of the results, suffice it to say that the iterative method successfully reduces the sea effect and provides more reliable information on the subsurface.
C O N C L U S I O N S
Correcting for the sea effect has been a challenge in land MT data despite the extensive researches in solving this problem, which is mainly due to electrically sharp contrast and mutual coupling between the sea and subsurface structures. The iterative topography correction method has been applied as an effective sea effect correction method. The sea-effect correction method is performed by alternately repeating the sea-effect correction and inversion. In the method, the surrounding sea bathymetry is only incorporated into forward modelling for the sea-effect correction rather than inversion; thus, full 3-D inversion including the surrounding sea can be avoided. Synthetic examples demonstrated that the proposed correction method yields an inverted model that agrees well with the true model after a few iterations. Real field data examples show that the sea effect severely disturbs the inversion results when we do not remove the sea effect from the observed data and that the iterative sea-effect correction method makes it possible to effectively remove the sea-effect from the field data, which leads to better revolved inversion results. These results support that the iterative correction method can be successfully applied to 1-D and 2-D MT data suffering from the sea effect. Finally, we think that the iterative method can be extended to 3-D structures without any difficulties.
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